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Context
Sustainable biomass supply
• highly debated, both at the scientific and at the political levels,
• … biomass value chains can deliver renewable raw materials, boost economic growth and rural
development and increase farm income.
• …. concerns about the risks, that unsustainable practices for producing and using biomass can cause,
to the already vulnerable planetary boundaries and finite natural resources such as land and water.
• This presentation discusses the availability of sustainable, non-food, biomass in Europe and presents
recent projections for 2030 and 2050.
• It also outlines conditions and assumptions under which the biomass potential can be sustainably
optimised and contribute to human capital and welfare within safe planetary boundaries, without
causing any other negative impacts (e.g., preserving high nature value areas, maintaining and
improving soil carbon and biodiversity, et.).

Drivers for biomass
• Biomass for construction materials, fibre, food and feed, furniture and textiles will
grow, especially innovative biomaterials such as bio-based chemicals, lubricants,
and bio-based plastics which offer high value added per mass unit.
• Electrification is very important, but it is not the ’silver bullet for all’.
• Despite the impressive potential of wind and solar, biomass will provide grid
balancing services, and help sectors difficult to be decarbonized through electricity,
e.g. aviation, heavy duty and maritime transport, and high-temperature industrial
processes. There is a complementary role of bioenergy and electricity until 2050.
• Biomass can deliver social resilience: locally produced biofuels and bioenergy can
support the local economy, create domestic jobs, enhance energy import
independence, improve systemic resilience, and act against external fluctuations
in energy prices and fuel supply.

Biomass in
sustainable futures
• Biomass (food, raw materials) is a
natural resource within the provision of
ecosystem services; it can grow and
regenerate.
• Biomass availability is subject to safe
operations within planetary boundaries
& provision of social welfare.
• Sustainability criteria and indicators can
deliver a commonly accepted operation
framework for biomass provision.

Biomass (non- food) potential is diverse;
efficient mobilisation is required
Mobilise residues (from agriculture and
forestry operations) and the organic
fraction of municipal wastes.

Increase yields with the use of varieties
that are better adapted to local
ecosystems, the introduction of crop
rotations, the use of cover crops to prevent
soil erosion in sensitive areas and at the
same time increase crop production, etc.

Facilitate carbon farming practices
(including conservation tillage,
intercropping, cover cropping, rotational
cropping that increases soil carbon and
agroforestry which stores carbon in
vegetation)

Enable crop cultivation in land that is
abandoned and/ or remains underutilised
or unused because it is marginal.

Assessing sustainable
non-food biomass
supply

Data sources & modelling (example)

Land availability (shifts
from agriculture to
forests, unused land,
etc.)

Agronomic
practices (carbon
farming: rotations,
agroforestry, etc.),

Species (annual/
perennial) and quality
traits (high oil content,
lignin, etc.)

Water management

GHG emissions

‘Carbon debt’ which
refers to the time lag
between CO2 released
from forest bioenergy
when biomass is burned
and the full re-absorption
of this CO2 through tree
re-growth.

Biodiversity

Ecosystem
services

Framework
conditions
in biomass
availability

Carbon (C)
• The C stocks in vegetation biomass, litter and soil
represent a natural reservoir of C sequestered
from the atmosphere.
• Biomass can be harvested and used for a range of
products (e.g. energy, transport fuels, bioplastics,
construction materials, paper etc.), some of which
also represent a C reservoir and can be used to
substitute for generally GHG-intensive nonbiomass materials and energy sources. Although
the lifetimes of products are temporary, some are
long-lived, suggesting that the reservoir of carbon
in products could also be “managed” to retain
carbon stocks and as carbon sinks.
• Biomass be used to substitute for generally GHGintensive non-biomass materials and energy
sources. In situations where bioenergy derived
from biomass can be regarded as having low GHG
emissions, combination with CCS could contribute
towards negative emissions
Matthews, Robert (2020) Synthesis report on Question 2: Bioeconomy development
consistent with sustainable development and achieving net zero emissions. Final
report prepared for EC DG RTD & JRC

Soil carbon in
agriculture
with carbon
farming

Carbon farming refers to
ecological farming practices
that can sequester carbon
and/ or reduce GHG emissions.

Agricultural activities for
carbon sequestration include
conservation tillage, cover
cropping and rotational
cropping.

Carbon sequestration in
agricultural soils can help to
improve soil structure and
nutrient storing capacity, reduce
erosion, increase soil moisture
retention and plant available
water.

Co-benefits for farmers:
improving soil quality, reducing
soil erosion, enhancing
biodiversity, selling carbon
credits, improving landscape
appearance and GHG
mitigation/carbon storage.

https://ec.europa.eu/clima/system/files/2021-12/com_2021_800_en_0.pdf

Biodiversity
 Conservation of land with significant biodiversity values (such as areas of High Nature
Value, NATURA, etc.) which usually covers protected sites. The category assesses the
risk of disturbing conservation land, including NATURA2000 and High Nature Value
(HNV) farmland. No such land can be considered as available for biomass feedstocks.
 Land management without negative effects on biodiversity: accounting for cultivation
practices which are based on the following principles:


use of domestic species and local varieties,



avoiding monocultures and invasive species,



preferring perennial crops and intercropping,



use of methods causing low erosion and machinery use, low fertilizer and pesticide use and avoiding
active irrigation.

IPCC comparison
of biomass-based
climate change
mitigation options

What influences ranges?
• Yields
• Improved practices & equipment
• Improved local knowledge
• Increased innovation that drives improved
Technological Readiness Level

August 2021

August 2021

Raw material

Prioritisation based on
technological maturity
& markets- the case for
advanced biofuels
Panoutsou C., Germer S, Karka P., Papadokostantakis S.,
Kroyan Y., Wojcieszyk M., Maniatis K., Marchand P. 2021.
Advanced biofuels to decarbonise transport by 2030: Markets,
challenges, and policies that impact their successful market
uptake. Energy Strategy Rev. Volume 34, March 2021, 100633.
https://doi.org/10.1016/j.esr.2021.100633

Waste oils and fats,
Used Cooking Oil
(UCO), non-iLUC
Veg oils, liquid waste
streams and
effluents
MSW, sewage
sludge, animal
manures, agricultural
residues, energy
crops
Lignocellulosic,
MSW, solid industrial
waste
streams/residues

Conversion
pathway
Esterification or
transesterification

CO2 from RES
systems

Traditional
biodiesel (FAME)

Status TRL
Commercial

Fuel
Blends with fossil diesel, B7
(drop-in), B10, B30 or neat
FAME
Drop-in blends with road
diesel (i.e. H30) or neat
HVO, Sustainable Aviation
Fuels

Hydrotreatment

Hydrotreated
Vegetable Oil
(HVO) / renewable
diesel

Biogas or landfill
production &
removal of CO2

Biomethane

Enzymatic hydrolysis
& fermentation

Ethanol

TRL 8-9

Other alcohols
(methanol, butanol)
Ethanol

TRL 6-7

Gasification +
catalytic synthesis

Synthetic fuel

TRL 6-7

Pyrolysis or
liquefaction (i.e. HTL)
+ Hydrotreatment

Hydrotreated biooil/biocrude

TRL 4-5

Neat or drop-in diesel,
bunker fuel, gasoline,
Sustainable Aviation Fuels

Co-processing in
existing petroleum
refineries

Co-processed biooil/biocrude

TRL 7-8

Neat or drop-in diesel,
bunker fuel, gasoline,
Sustainable Aviation Fuels

Reaction with RES H2

Synthetic

TRL 6-7

Depends on fuel type, i.e.
bio-SNG, methanol or DME,
ATJ

Gasification +
fermentation

Lignocellulosic,
MSW, liquid
industrial waste
streams & effluents
or intermediate
energy carriers
Pyrolysis oils or
biocrudes from
lignocellulosic,
MSW, waste streams

Biofuel type

TRL 6-7

bioCNG; bio-LNG in heavyduty road, LBG in marine
and CBG in light-duty road
transport, captive fleets or
injected in the gas grid
Gasoline blends such as E5,
E10 (drop-in), E20 (minor
engine modifications), E85
flexi-fuel engines), ethanol
with ignition improvers for
diesel engines (ED95), or
ethanol/butanol upgraded
to biokerosene (ATJ)
Drop-in blends with diesel,
gasoline, Sustainable
Aviation Fuels, bunker fuel
or as pure biofuel e.g. bioSNG, DME, methanol,

Market

Biomass from
agriculture

Panoutsou C, Perakis C, Elbersen B, Zheliezna T, Staritsky I (2017) Chapter 7—assessing potentials for
agricultural residues. In: Panoutsou C (ed) Modeling and optimization of biomass supply chains.
Academic Press, pp 169–197. doi:https://doi.org/10.1016/B978-0-12-812303-4.00007-0

Calculating primary agricultural
residues & straw
Critical factor: Soil carbon

Map from the Montforti et al. (2015) study showing in red the
places where 50% and higher straw removal rates lead to a decline
in SOC and the blue areas allow for a 50% higher straw removal
rate without decline the SOC.

Prunnings, cuttings
RESIDUE_YIELDi = AREAi * RES_YIELDi * DM_CONTENTi.
Where:





RESIDUE_YIELDi = total pruning yield of crop i in Ton/Year in dry mass
AREAi = Crop area of crop i
RES_YIELDi = Pruning yield Ton/Ha/Year in fresh mass of crop i
DM_CONTENTi= Dry matter content of prunings of crop i

All residue yields from all crops can then be added up to come to a total pruning yield per country.

Greece: M.
Mardikis, et al.
(2004)
Apples & pears

1.20-2.51

Del Blasi et al.
(1996)
0.1-0.2

Portugal: Diaz and
Azevedo (2004).
0.26-0.28

Cherries and other soft fruit

1.2

Nuts and other plantations

0.28

1.9

2.51

1.55-2.90
0.98

0.1
0.5-2.6

0.15-0.17
0.47

1.2

0.2-0.8

0.39

Citrus plantations
Olives
Vineyards

Serbia: Mladenet al.
(2004)

0.47

Source: CIRCE (2015). D3.1 Mapping and analysis of the pruning
biomass potential in Europe. EuroPruning project

Agricultural feedstocks
Cereal straw
Maize stover
Agro-industrial
residues

Oil crop residues
Agricultural
prunnings

August 2021

August 2021

Estimated biomass potential from
agriculture for all markets
Estimated biomass potential from agriculture

Regional distribution

Note: Regional distribution for Scenario 1
(million dry tons).
Similar for Scenario 2 and 3

275 -370 million dry tonnes

© Concawe

21
August 2021

August 2021

Key assumptions
Scenario 1 (Low)

Scenario 2 (Medium)

Scenario 3 (High)

40%

45%

50%

Use of prunings

5%

20%

50%

Moderate yield increases in perennial lignocellulosic crops in unused,
degraded and abandoned land

1%

1%

2%

25%

50%

75%

Forestry
Stem wood used for energy purposes (Current stemwood for energy:
45%)

25%

30%

50%

Primary forestry residues availability for energy production

40%

50%

60%

55%

60%

65%

Agriculture
Removal rate of field residues

Share of unused, degraded and abandoned land for dedicated crops,
excluding biodiversity rich land and land with high carbon stocks
(Current share of unused, degraded and abandoned land for dedicated
crops: No official statistics- only experiments and demonstration scale)

Secondary forestry residues and post consumer wood availability for
energy
Wastes
Biowaste used for energy production

60% in 2030 (65% in 2050) 50% in 2030 (55% in 2050)
40% in 2030 (45% in 2050)
of biowaste is recycled and of biowaste is recycled and of biowaste is recycled and
40% in 2030 (35% in 2050) 50% in 2030 (45% in 2050) 60% in 2030 (55% in 2050) is
is separately collected and is separately collected and
separately collected and
available for bioenergy
available for Anaerobic
available for Anaerobic
Digestion
Digestion
August 2021

© Concawe
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August 2021

Estimated biomass potential from
agriculture for bioenergy
Estimated biomass potential from agriculture

Regional distribution

Note: Regional distribution for Scenario 1
(million dry tons).
Similar for Scenario 2 and 3

236 -320 million dry tonnes

© Concawe
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Ligno-cellulosic crops

Ramirez-Almeyda, J.; Elbersen, B.; Monti, A.; Staritsky, I.; Panoutsou, C.; Alexopoulou, E.; Schrijver, R.;
Elbersen, W. Chapter 9 — Assessing the Potentials for Nonfood Crops. In Modeling and Optimization of
Biomass Supply Chains; Elsevier: Amsterdam, The Netherlands, 2017; pp. 219–251.
https://doi.org/10.1016/B978-0-12-812303-4.00009-4

Land abandonment &
marginalisation

Low (left)- and high (right)-quality land available
for lignocellulosic crops in 2050 (in 1,000 ha)

2020
Low quality
Land availability
(marginal lands)
(million ha)
Yields (t/ha)

2030

High quality

Low quality

2050

High quality

Low quality

High quality

13.7

4.6

14.5

5.5

14.5

5.5

6

8

6.6

8.8

7.8

10.4

August 2021

August 2021

Lignocellulosic crops; structure of their supply chain,
climatic and ecological profile
Crop

Structure of the crop supply value chain
Growth type

Climatic and ecological profile
Establishment

Harvest

Yield
(t/ha)

Soil type/

Input

Frost free
days

90

Salt
tolerance

pH (min- max)
Lignocellulosic crops
Fiber sorghum

Annual

April/ May

Sept/ Oct

15–20

well drained (5.5–7.5)

Average

Kenaf

Annual

May

Sept/ Oct

10–15

well drained (4.6–7.5)

Average

Miscanthus

Perennial

Nov/ Jan

Nov/ Feb

10

variety of soils- well drained
(4.5–8.0)

Average

120

Switchgrass

Perennial

May

Nov/ Jan

8–10

variety- well drained

Low

120

Cardoon

Perennial

Jun/July

10–15

Low fertility

Low

Poplar

Perennial; Harvested every 6–15 years/(in very short rotations
every 2–3 years)

Oct or Feb/
Mar
April

Nov/ Dec

7–28

Low fertility

Average

Willow

Perennial; Harvested on 3–4 years rotation

April

Nov/ Dec

10–30

variety of soils

Average

Panoutsou, C.; Alexopoulou, E. Costs and Profitability of Crops for Bioeconomy in the EU. Energies 2020, 13, 1222. https://doi.org/10.3390/en13051222

medium

medium
high

Lignocellulosic crops potential 2030-2050

36- 127 million dry tonnes
August 2021

August 2021

Forest biomass definitions

M. Lindner, M.G. Dees, P. Anttila, P.J. Verkerk, J. Fitzgerald, P. Datta, et al.Assessing lignocellulosic biomass
potentials from forests and industry. C. Panoutsou (Ed.), Modeling and optimization of biomass supply
chains, Academic Press, London (2017), pp. 127-167

Type of biomass

Roundwood/ Stemwood

primary residues

Definition
Stemwood from thinnings and final fellings
1. Current stem wood harvests
2. Currently unused stem wood production potential

Sustainability issues
Soil quality loss, biodiversity risks,
Carbon debt

1) Early thinning stems
2) Early thinnings crown incl fuelwood
3) Logging residues of final fellings
4) Logging residues thinnings
Soil quality loss, biodiversity risks,
5) Stump extraction final felling (only where removal of these is common practice, e.g.
Carbon debt
mostly in Scandinavia)
6) Stump extraction thinnings (only where removal of these is common practice, e.g. mostly
in Scandinavia)

These consist of bark, slabwood and offcuts. Bark is removed from the stemwood after
delivered to the sawmill. Slabwood consists of the long rounded sides of the logs that are
sawn off the outside in order to produce the main wood products (planks). Slabwood can
Sawmill by-products (excl saw dust)
be available intact as paticles or as chips. Offcuts are generated during the sawmilling
process, through cutting off edges and trimming of planks and to correct length or to take
out defects., usually these offcuts are chipped.
Sawdust

Sawdust is produced in sawmills when stemwood is cut into planks and other sawmill
products. The sawdust is collected to be used in other processes.

Other industrial residues

Cover all residues produced in wood industries including wood-based panel industry,
furniture, (wood)construction material and packaging industry. These residues consist of
sawdust, shavings, trimmings, rejections, peeler cores or square-cuttings.

Black liquor

Black liquor is a by-product from the production of wood pulp for paper making. The
pulping process residues mainly consist of lignin and hemicelluloses, cooking chemicals (for
pulping) and water. Black liquor results from chemical pulping processes when wood is
cooked with appropriate chemicals to separate cellulose fibres from lignin and other wood
components.

Competition

M. Lindner, M.G. Dees, P. Anttila, P.J. Verkerk, J. Fitzgerald, P. Datta, et al.Assessing lignocellulosic biomass
potentials from forests and industry. C. Panoutsou (Ed.), Modeling and optimization of biomass supply
chains, Academic Press, London (2017), pp. 127-167

Maximum extraction rates

Forest
biomass

Forest
feedstocks

August 2021

August 2021

Estimated biomass potential from
forestry for all markets
Estimated biomass potential from forestry

558 -726 million dry tonnes

© Concawe

Regional distribution

Note: Regional distribution for Scenario 1
(million dry tons).
Similar for Scenario 2 and 3
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Key assumptions
Scenario 1 (Low)

Scenario 2 (Medium)

Scenario 3 (High)

40%

45%

50%

Use of prunings

5%

20%

50%

Moderate yield increases in perennial lignocellulosic crops in unused,
degraded and abandoned land

1%

1%

2%

25%

50%

75%

Forestry
Stem wood used for energy purposes (Current stemwood for energy
(fuelwood): 45%)

25%

30%

50%

Primary forestry residues availability for energy production

40%

50%

60%

55%

60%

65%

Agriculture
Removal rate of field residues

Share of unused, degraded and abandoned land for dedicated crops,
excluding biodiversity rich land and land with high carbon stocks
(Current share of unused, degraded and abandoned land for dedicated
crops: No official statistics- only experiments and demonstration scale)

Secondary forestry residues and post consumer wood availability for
energy
Wastes
Biowaste used for energy production

© Concawe

60% in 2030 (65% in 2050) 50% in 2030 (55% in 2050)
40% in 2030 (45% in 2050)
of biowaste is recycled and of biowaste is recycled and of biowaste is recycled and
40% in 2030 (35% in 2050) 50% in 2030 (45% in 2050) 60% in 2030 (55% in 2050) is
is separately collected and is separately collected and
separately collected and
available for bioenergy
available for Anaerobic
available for Anaerobic
Digestion
Digestion
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August 2021

Estimated biomass potential from
forestry for bioenergy
Estimated biomass potential from forestry

Regional distribution

Note: Regional distribution for Scenario 1 (million dry tons).
Similar for Scenario 2 and 3

204 -408 million dry tonnes
Forestry

© Concawe

Key parameters

Low

BAU

High

Fuelwood

25%

30%

50%

34
August 2021

August 2021

• Eurostat waste generation and waste treatment data

Biowastes

• Projections: waste per category develops over the
years according to the population growth for
household waste and according to Gross Domestic
Product (GDP) growth rate for the Nomenclature of
Economic Activities (NACE) waste categories.

Key assumptions
Scenario 1 (Low)

Scenario 2 (Medium)

Scenario 3 (High)

40%

45%

50%

Use of prunings

5%

20%

50%

Moderate yield increases in perennial lignocellulosic crops in unused,
degraded and abandoned land

1%

1%

2%

25%

50%

75%

Forestry
Stem wood used for energy purposes (Current stemwood for energy:
45%)

25%

30%

50%

Primary forestry residues availability for energy production

40%

50%

60%

55%

60%

65%

Agriculture
Removal rate of field residues

Share of unused, degraded and abandoned land for dedicated crops,
excluding biodiversity rich land and land with high carbon stocks
(Current share of unused, degraded and abandoned land for dedicated
crops: No official statistics- only experiments and demonstration scale)

Secondary forestry residues and post consumer wood availability for
energy
Wastes
Biowaste used for energy production

© Concawe

60% in 2030 (65% in 2050) 50% in 2030 (55% in 2050)
40% in 2030 (45% in 2050)
of biowaste is recycled and of biowaste is recycled and of biowaste is recycled and
40% in 2030 (35% in 2050) 50% in 2030 (45% in 2050) 60% in 2030 (55% in 2050) is
is separately collected and is separately collected and
separately collected and
available for bioenergy
available for Anaerobic
available for Anaerobic
Digestion
Digestion
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Biowastes
Estimated biomass potential for biowastes for bioenergy
Estimated biomass potential from biowastes

Regional distribution

Note: Regional distribution for Scenario 1 (million dry tons).
Similar for Scenario 2 and 3

Wastes

© Concawe

Key parameters

Low

BAU

High

Biowastes for energy

35%

45%

50%

37
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Conclusions & the way
forward

In a nutshell:
• Bioenergy value chains are complex.
• Efficiency & resilience (spatial and temporal) must be
optimised.
• Clear policy focus is essential to improve performance.
• Defining priorities and using appropriate metrics can
steer support towards targeted interventions that will
overcome challenges and improve performance.
• Policies are in place; further coordination of
interventions that target challenges and are integrated
along the value chain can help.

Bioenergy value chains

Increasingly varied &
innovative

Imperative to comply
with resource efficient
and sustainable
practices

Complex, open-ended or
inconsistent, unrelated
metrics

Porter, M.E., Competitive Advantage: Creating and sustaining superior performance. Vol. 167. 1985.
Panoutsou, Calliope & Singh, Asha (2020) A value chain approach to improve biomass policy
formation. GCB Bioenergy 12 (7): 464-475 https://doi.org/10.1111/gcbb.12685

Lack of coherence in
systems thinking to
incorporate challenges

Individual stages within
biomass value chains
interrelate physical
assets with market
attributes; this cannot
be fully addressed by
single target
optimisation

Indicators and methodologies for the assessment of
resource efficient biomass value chains
Understanding energy systems, model integration and open
datasets BY:
 informing the debate on sustainable biomass options that
can supply European energy and non-energy sectors on
different
timeframes
by
conducting
comparative
assessments to evaluate the technical, economic,
environmental, and social impacts associated with their
production and management practices.

Scenario analysis
Collaborative foresight process and forward-looking
analysis to explore possible scenarios towards a
sustainable, clean, and resource-efficient biomass
value chains, with a focus on climate-neutrality and
sustainable development.

Policy analysis
Understanding energy systems, model integration and open
datasets BY:
 developing and applying methodologies and tools to
analyse the role of biomass in sustainable low carbon
futures and the implications for policy areas including
energy and environment.

Co-creation with stakeholders in case studies
Understanding the needs for future policy interventions and
how these can be integrated to climate and energy policies

http://www.panacea-h2020.eu/

https://celebio.eu/

Thank you!
Dr Calliope Panoutsou
cpanou@ic.ac.uk

